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ABSTRACT 
 
 The Iron Canyon Valley, located at the southern end of the eastern Sierra Nevada at the 
boundary between the Mojave and Basin and Range tectonic provinces, exhibits clear evidence, 
over graded timescales, of development through monoclinal shifting, which is the tendency of 
streams flowing parallel to strike over sedimentary rocks to shift down-dip. Although the 
character of the valley and bedrock dip indicates development through monoclinal shifting, the 
current stream network is located up-dip on the east side of the valley. Mapping the surficial 
geology of the valley revealed the presence of dissected alluvial surfaces approximately 85 
meters above modern channel on the east, up-dip side of the valley, and 12-25 meters above the 
channel on the west, down-dip side of the valley, indicating westward, down-dip channel 
migration with incision throughout most of the Quaternary. However, undissected terraces and 
modern channel alluvium record subsequent late-Quaternary drainage shifting to the east side of 
the valley, where the channel is currently incising into toes of coalesced alluvial fans originating 
from the east in the El Paso Mountains. Several processes that promote valley asymmetry, 
including microclimate influences and alluvial fan propagation from the west, are explored to 
explain the distribution of surficial sediments. It is concluded that late-Quaternary onset of 
tectonic tilting towards the east has forced the axial channel up-dip and to the east side of the 
valley. As the area sits astride two major tectonic boundaries, there are a number of processes 
that could cause tectonic tilting. Further study should consist of: (1) expanding the study to 
determine if late-Quaternary eastward channel migration is a regional phenomenon, and (2) 
establishing age control on units Qal1, Qal2, and Qal3 to determine the timing of up dip channel 
migration relative to nearby fault activity and seismicity. 
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Introduction 
 
 The structure and the stratigraphy of the El Paso sedimentary basin have been studied by 
other workers due to the basin’s location, which makes it well suited to study regional, late 
Cenozoic tectonism (e.g., Loomis and Burbank, 1988). The basin is located in the far southwest 
corner of the Basin and Range Province adjacent to the Garlock fault and the Sierra Nevada 
Frontal fault, which separate the Province from the Mojave Block and the Sierra Nevada 
mountains, respectively (Cox and Diggles, 1986; Loomis and Burbank, 1988; Monastero et al, 
1997; Walker et al, 2008). The results of this previous work have implications for the 
development of the regional fault systems and emergence of the Sierra Nevada as a major 
topographic region (Loomis and Burbank, 1988). What is less understood, however, is the late 
Quaternary tectonics of the basin, and how both geologic structure and tectonics interact with 
surficial processes and drainage development within the basin. The aim of this study is to explore 
the development of the current drainage network within Iron Canyon, a major valley within the 
El Paso Basin.   
In the mid 19th century, G.K. Gilbert recognized drainages that developed over 
consistently dipping sedimentary rock tend to form trellis patterns, with major channels 
developing parallel to strike and only crossing competent layers of sedimentary rock 
perpendicular to strike, and that streams flowing parallel to strike tend to shift down structural 
dip (Gilbert, 1877). In regions with this form of structural control, valley asymmetry through 
monoclonal shifting is expected (Gilbert, 1877). Where west-dipping Miocene sedimentary fills 
of the El Paso Basin are exposed, major drainages have developed parallel to strike with more 
competent units forming the valley walls. On the west side of Iron Canyon, massive tuff creates a 
caprock effect over underlying basin fills and forms prominent cliffs, which retreat due to 
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undermining of the basin fills. Given the west-dipping strata and cliff retreat caused by caprock 
effect, it is expected that the axial drainage of Iron Canyon should flow on the west side of the 
valley and contribute to undermining and cliff retreat of the western valley wall. However, the 
modern axial channel within Iron Canyon, while parallel to strike, has developed on the eastern 
side of the valley. Mapping the surficial geology of the valley reveals the factors influencing the 
location of the axial drainage of Iron Canyon.  
 
Tectonic Setting of the El Paso Basin 
 The El Paso Basin is located northwest of the El Paso Mountains and approximately five 
to six kilometers north of the Garlock Fault in Kern County, California (Figure 1). Most of the 
research conducted in the area has been concerned with understanding the left-lateral Garlock 
Fault (Cox and Diggles, 1986; Loomis and Burbank, 1988; Monastero et al, 1997; Walker et al, 
2008). The approximately northeast to southwest trending fault is a major structural boundary 
separating two tectonic provinces, the Basin and Range Province to the north from the Mojave 
block to the south. The Garlock fault has accommodated the east-west extension associated with 
the Basin and Range province, leaving the Mojave block largely unaffected (Loomis and 
Burbank, 1988).  Paleocurrent indicators demonstrate that the source region for the rocks within 
the El Paso Basin is to the south-southeast. Restoration of the full offset along the Garlock Fault 
reveals that the source region for the Miocene-time basal unit of the El Paso basin fill is now 64 
kilometers to the northeast, indicating initiation of faulting during the early Miocene (Walker et 
al, 2008).  
The El Paso fault is located at the base of the El Paso Mountains on the southeast side, 
and trends roughly parallel to the Garlock Fault before merging with it to the northeast. To the 
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southwest, the El Paso fault terminates before reaching the Sierra Nevada (Loomis and Burbank, 
1988). Although it is parallel to the Garlock Fault, displacement of Quaternary alluvial fans 
along its discontinuous trace shows that recent movement has been vertical and up on the north. 
Evidence for left-lateral offset does not exist (Dibblee, 1952; Carter, 1980). Uplift of the El Paso 
Mountains relative to the Mojave Block has occurred along this fault, and the maximum throw 
exceeds six kilometers (Loomis and Burbank, 1988).  
The Sierra Nevada frontal fault defines the western boundary of the El Paso Basin, and 
delimits a major structural boundary between the Basin and Range Province and the Sierran 
Microplate (Unruh el al, 2003). Throughout most of the El Paso Basin, sedimentary rocks are 
tilted towards the fault, which is consistent with rotation along a horizontal axis accompanying 
east-west extension between the north-trending Sierra Nevada frontal fault and the northeast-
trending Garlock fault (Loomis and Burbank, 1988). The Sierra Nevada frontal fault dips 
approximately 60 degrees at the surface, but Loomis and Burbank (1988) suggest that it may 
flatten at depth and underlie the western sedimentary formations of the El Paso Basin. Dips of 
the sedimentary basin fill systematically decrease with proximity to the fault (Loomis and 
Burbank, 1988).    
 
 
 9 
Figure 1: Regional map showing the Red Rock Canyon State Park topography and location 
relative to the Southern California Coast. Iron Canyon is outlined in yellow.  
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Stratigraphy and Depositional History of the El Paso Basin 
Study of the sedimentary rocks within the El Paso Basin has revealed the presence of two 
distinct formations containing several members each. Both formations dip 20 to 30 degrees 
toward west and unconformably overlie a metamorphic complex (Dibble, 1952; Loomis and 
Burbank, 1988). The formation directly over the eroded metamorphosed basement complex is 
the Cudahy Camp Formation, which is composed predominately of volcaniclastic sediments 
whose origin are the Eagle Crags volcanic field 64 kilometers to the east-northeast (Monestero et 
al, 1997). The formation is only present within the northeast corner of the Iron Canyon study 
area, and there is no evidence for removal of the formation due to late Miocene erosion in the 
remainder of the study area (Loomis and Burbank, 1988).  
The upper formation is the Dove Springs Formation, which consists of six members and 
directly overlies the eroded metamorphosed basement complex in areas where the Cudahy Camp 
Formation is not present. Of the six members, only the lower two are present within Iron Canyon 
and pertinent to this study. Dove Springs Formation member 1 is composed of fanglomerate 
deposits, and consists of beds of poorly sorted and matrix supported conglomerate and beds of 
cross-bedded lithic sandstone deposited approximately 13.5 m.y. (Loomis and Burbank, 1988). 
Conglomerate clasts are composed of subrounded to angular volcaniclastic, plutonic, and 
sedimentary fragments (Townsend, 2012, unpublished data). Dove Springs Formation member 2 
consists of interbedded red to green mudstone, cross-bedded sandstone, and poorly sorted and 
matrix supported conglomerate (Loomis and Burbank, 1988). The red layers are interpreted to be 
paleosols, with the red coloration associated with oxidation following exposure to air (A.F. 
Garcia, 2012, personal communication). A pyroclastic eruption with a vent to the west of the 
 11 
basin deposited a bed of massive, pink tuff approximately 12 meters thick within Tertiary Dove 
Springs Formation 2 (Loomis and Burbank 1988). 
 
Previous Characterization of Quaternary Deposits 
 Most of the Quaternary deposits in the El Paso Basin consist of alluvial deposits in low-
lying areas and abundant landslide deposits (Cox and Diggles, 1986). Alluvial deposits are found 
predominately within modern drainages and on alluvial fans, and consist of sand and gravel. 
Elevated and highly eroded older alluvial deposits have been identified well above the modern 
drainage networks, which suggests a Quaternary history of net erosion punctuated by relatively 
brief periods of deposition (Cox and Diggles, 1986). Eolian deposits are present on many south 
and east facing slopes (A.F. Garcia, 2012, personal communication). Slumps, or landslide 
deposits with very little internal deformation, have been observed in areas where highly 
competent Black Mountain Basalt or Tertiary Tuff overlies less competent basin fill. The slumps 
formed in response to Quaternary-time incision and undercutting by relatively fast fluvial 
degradation (Cox and Diggles, 1986). Despite cliff retreat and slump formation having been 
active processes within Iron Canyon during the Quaternary period, currently the axial channel is 
located on the opposing side of the valley from the cliffs and slump deposits.  
 
Methods 
 Surficial geologic mapping was completed in the field on enlarged 1:24,000 scale 
topographic base maps. The southern part of the Iron Canyon field area is within the USGS 
Cantil, California quadrangle, which has a 20-foot topographic contour interval. The northern 
portion of the field area is within the USGS Saltdale NW, California quadrangle, which has a 40-
 12 
foot topographic contour interval. Field maps were digitized using ArcGIS over the USGS 
topographic maps and complimented with a BING aerial imagery base layer. The positions of the 
present-day channels were established in the field and verified using the BING aerial imagery. A 
summary description of the map units is included in Table 1. 
 Reported elevations of the Qal1 surface above the modern drainage network were 
estimated using topographic maps. The level of Qal2, Qal3, Qal4 surfaces above the modern 
channel, and the depth of incision into Qf and Qu surfaces were measured by hand leveling or 
using a 10-meter tape. 
  A bedrock map covering only the Iron Canyon field area was completed prior to 
commencing surficial geologic mapping (Townsend, 2012, unpublished data). The lower two 
members of the Dove Springs Formation mapped during that effort were combined into a single 
unit labeled Tertiary basin fill on the basis of similar competence and characteristics of the 
members. The bedrock map was digitized into a separate layer using ArcGIS. The contacts 
between Tbf and Mzg, and Tbf and Tt (these bedrock map units are defined in Table 1), which 
are readily discernable in aerial imagery, were transposed on the northern half of the Iron 
Canyon field area and south-southwest through Red Rock Canyon and the southern El Paso 
Mountains. The Erase tool was used in ArcGIS to cut out sections in the bedrock map that are 
overlain by surficial sediments to produce a finished map of the entire field area (Figure 2).      
 
Table 1: Characterization of Map Units 
Unit Name Unit Description (all clast measurements are median 
diameters unless otherwise noted) 
 
Qal5, Modern Quaternary 
alluvium (Light Yellow) 
 
Alluvium within the modern channel. 
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Qu, Quaternary undifferentiated 
deposits (Gray) 
Typically consists of eolian sand mantling Qal units 2 
to 4. Where incised by streams, it forms terraces with 
an upper surface up to 4.5 meters above the modern 
channel. 
 
Qe, Quaternary eolian deposits 
(Light Brown) 
Wind-blown sand, locally vegetated and common on 
south-facing slopes 
 
Qc, Quaternary colluvium and 
slump blocks (Dark Brown) 
 
Talus slopes, rubble, and slide blocks. Slide blocks are 
typically internally undeformed and consist of Tertiary 
basin fill capped by Tertiary tuff. Brecciated tuff is 
typically present at the contact between slide blocks 
and in-place basin fill. 
 
Qf, Quaternary alluvial fans 
(green) 
 
Individual alluvial fans and coalesced bajadas.  
Qal4, Quaternary alluvium 4 
(Dark Yellow) 
Alluvium that forms terraces with an upper surface that 
is typically 1.3 to 1.8 meters above the modern 
channel. Deposits are stratified, consisting of beds 
typically 15 to 30 cm thick composed of laminated 
sand interlayered with beds of matrix-supported 
gravel. Clasts are typically 5 to 15 cm in diameter, are 
subrounded to subangular, and consist of basalt, 
granitics, and metamorphosed country rock.  
     
Qal3, Quaternary alluvium 3 
(Light Orange) 
Alluvium that forms terraces with an upper surface that 
is 2.3 to 3.0 meters above the modern channel. 
Deposits are stratified, consisting of beds typically 15 
to 30 cm thick composed of laminated sand 
interlayered with beds of matrix-supported gravel. 
Clasts are typically 5 to 15 cm in diameter, are 
subrounded to subangular, and consist of basalt, 
granitics, and metamorphosed country rock.    
  
Qal2, Quaternary alluvium 2 
(Dark Orange) 
Alluvium that is 12 to 25 meters above the present 
drainage network. Ranges in color from off-white to 
coffee-brown. Deposits are friable, massive, and up to 
10 meters thick. Deposits are stratified and consist of 
beds of laminar coarse to fine sand interlayered with 
beds of matrix-supported fine gravel. Beds are 
typically 1 to 3 cm thick. Clasts are typically 
subrounded, 1 to 2cm in diameter, and composed up 
basalt, granitics, and metamorphosed country rock. 
Clasts up to 150 cm are rare. Locally is in buttress 
unconformable contacts with Tertiary units and Pc/Mg.   
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Qal1, Quaternary alluvium 1 
(Dark red) 
 
Alluvium that is approximately 85 meters above the 
present drainage network. Typically is coffee-brown in 
color, and is composed of predominately fine to coarse 
sand. Subangular to subrounded clasts ranging from 2 
cm by 2 cm to 10 cm by 15 cm are common, and are 
composed of porphyritic basalt, granitics, pink tuff, 
quartzite, and metamorphosed country rock. Deposits 
are friable, massive, and up to approximately 15 
meters thick. 
 
 Unconformably overlies Pc/Mg and Tbf 
 
Tu, Tertiary undifferentiated 
rocks and sediment (Red) 
Predominately sandstone consisting of clastic and 
volcaniclastic sediments 
 
 Conformably overlies Tertiary tuff 
 
Tt, Tertiary tuff (Pink) Massive, pink tuff. Typically 12 meters thick. 
 
 Conformably overlies Tertiary basin fill 
 
Tbf, Tertiary basin fill (Light 
Blue) 
Consists of two units within the field area, 
undifferentiated. Tertiary Dove Springs Formation 
member 2 contains massive rust-red beds typically 3-5 
meters thick interlayered with massive beds of gray 
mudstone. Rust-red beds are highly oxidized, and 
interpreted to be buried soils. Formation is weakly 
consolidated. Pebbly, matrix supported mudstone is 
locally present. Thickness of the formation is typically 
213 meters. Tertiary Dove Springs Formation member 
1 consists of predominately poorly sorted, matrix 
supported mudstone, with color varying from off-white 
to dark red and brown. Contains pebble to gravel sized 
clasts. Locally contains poorly sorted, clast supported 
conglomerate. Locally contains massive beds of 
mudrock, occurring in beds 3-4 meters thick and 
exhibiting popcorn weathering. Thickness of unit is 
typically 219 meters. 
 
 Unconformably overlies Pc/Mg 
 
Pc/Mg, Paleozoic country rock 
and Mesozoic granitoid 
(Purple) 
Country rock is highly fractured, fine-grained, and 
contact metamorphosed. Common colors are red, 
orange, purple, and light green. Granitics are present, 
but uncommon.   
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Figure 2: Surficial geologic map of the Iron Canyon study area within Red Rock Canyon State 
Park, Kern County, CA. Maps units are described in Table 1 
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Valley Asymmetry and Distribution of Surficial Sediments 
 Iron Canyon, whose main channel is a tributary to the Red Rock Canyon wash (Figure 1), 
is an asymmetric valley with an irregular distribution of sediments (Figures 3 and 4). The origin 
of valley asymmetry is associated with the western dip of the sedimentary bedrock, the angle of 
the nonconformable contact between the Tertiary basin fills and the metamorphosed basement 
complex, and the varying competency of the sedimentary units. A 60 meter high, vertical to 
subvertical cliff formed in weakly consolidated Tertiary basin fill capped by Tertiary tuff forms 
the west side of the valley. The layer of tuff produces a cap rock effect that prevents drainage 
development in the underlying basin fill. Complexes of slumps and colluvium, whose volumes 
are up to several km3 (Figures 2, 3, 4, and 5), and which likely formed in response to Quaternary 
incision and undercutting by relatively fast fluvial degradation (Cox and Diggles, 1986) indicate 
that cliff retreat is ongoing.  
 Competent metamorphosed Paleozoic country rock and Mesozoic granitics that constitute 
the western slope of the El Paso Mountains form a mountainous front along the eastern wall of 
Iron Canyon (Figure 1). Locally the contact between the Tertiary basin fill and the 
Paleozoic/Mesozoic basement complex is present within the mountain front just to the east of the 
valley floor (Figures 2 and 4). Alluvial fans emerging from channels draining the El Paso 
Mountains have merged to form several large, coalesced alluvial fans that prograde into the 
valley (Figures 2, 4, and 6). Qal1, Quaternary older alluvium that is approximately 85 meters 
above the present drainage network, is mapped on two summits within the El Paso Mountains, 
indicating that monoclinal shifting has likely played a major role in the development of the 
valley. A Qal1 surface is also mapped at the northern end of the study area (Figure 2). 
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Figure 3: Surficial geologic map of the northern half of the Iron Canyon field area within Red 
Rock Canyon State Park. 
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Figure 4: Surficial geologic map of the southern half of the Iron Canyon field area within Red 
Rock Canyon State Park.
Figure 5: Slump 
block mantled by 
colluvium within the 
southwest portion of 
Iron Canyon (Far 
left). Clear 
displacement of 
Tertiary tuff in a 
slump block within 
the northwestern 
portion of Iron 
Canyon (Left). 
 
 
 
Figure 6: Coalesced alluvial fans originating from the El Paso Mountains on the east side of Iron Canyon. Note the incision into the 
fan toes. 
The valley of Iron Canyon itself has developed in friable to loosely consolidated Tertiary 
basin fill. Outcrops of basin fill within the valley are present as hills in the central part of the 
southern half of the valley (Figure 4) and along the bottom of the valley floor at the base of the 
western cliffs in the northern half of the valley (Figure 3). However, surficial sediments 
dominate the valley bottom and were the focus of the mapping conducted. Qal2, which is 
Quaternary dissected alluvium that is approximately 12 to 25 meters above the present drainage 
network, is mapped in patches in the center and on the western side of the southern half of the 
valley, indicating previous drainage networks existed down-dip and at the base of the western 
cliff, which is consistent with the development of valley asymmetry through monoclinal shifting. 
However, younger Qal3 and Qal4 terraces, as well as modern channel alluvium (Qal5) are 
predominately present along the eastern side of the valley. The current stream system has incised 
approximately 3 meters into the toes of the coalesced alluvial fans (Figure 6), indicating that 
stream incision in the east side of the valley is outpacing fan progradation. This is inconsistent 
with monoclinal shifting and records a late-Quaternary influence in drainage development.       
 
Causes of Valley Asymmetry 
 A number of processes can influence the development of valley asymmetry; among the 
most prevalent are microclimate variations (Dohrenwend, 1978), bedrock control (Gilbert, 1877), 
and tectonics (Garrote et al, 2006; Garcia and Mahan, 2012). Following the approach of Garrote 
et all (2006), and repeated by Garcia and Mahan (2012), possible origins of valley asymmetry 
within Iron Canyon will be explored and eliminated systematically to assess the influence of 
tectonic tilting in shaping Iron Canyon. Dohrenwend (1978) demonstrated that valley asymmetry 
due to varying microclimates on the north-facing and south-facing slopes of a valley trending 
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east-west develops in regions characterized by semi-arid climates and homogenous bedrock; it 
was also shown that valleys trending between azimuths 045 degrees and 315 degrees are not 
influenced by these microclimate effects. Iron Canyon typically trends approximately 020 
degrees and is characterized by an arid environment, so microclimate effects can be ruled out as 
causing valley asymmetry. Monoclinal shifting as described by Gilbert (1877) is indeed 
responsible for the formation of Iron Canyon’s valley asymmetry, as evidenced by: (1) summits 
composed Qal1 located up-dip in the El Paso Mountains to the east of the valley; (2) the 
presence of slumps and colluvium down-dip on the cliff to the west (which indicates cliff retreat 
by alluvial undercutting); and (3) remnant, dissected patches of Qal2 in the western side of Iron 
Canyon. However, the current position of the axial channel on the east side of the valley 
indicates a late-Quaternary influence superimposed on valley development through monoclinal 
shifting.  
 One possible explanation for the inconsistency of the distribution of alluvial map units 
and the current position of the axial channel with monoclinal shifting is the progradation and 
subsequent incision of an alluvial fan originating from a major channel on the west side of the 
valley (Figures 1 and 2). Aerial photos and ground reconnaissance indicate that an alluvial fan 
may exist where the major tributary flows into Iron Canyon, but extensive eolian cover precludes 
conclusively identifying a fan, and the region was mapped as Quaternary undifferentiated 
(Figure 7). However, measurements of the terraces created by fluvial incision into this fan-like 
feature demonstrate that the depth of incision increases with increasing proximity to the head of 
the hypothesized fan, which is consistent with the development of a fan-head trench (Ritter et al, 
2011). This hypothesized fan could have propagated out from the western valley margin, forcing 
the axial channel of Iron Canyon to the east. However, the maximum height of the surface of this 
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hypothesized fan is lower in elevation than the unconformable contact between Qal2 deposits 
and the Tertiary basin fill just to the south of this feature (Figure 7). This relationship indicates 
that both the major Iron Canyon tributary that has incised through the hypothesized fan and the 
axial channel itself were already inhibited from accessing the southwest region adjacent to the 
cliffs and were confined to the east side of the valley.  
 
Figure 7: Map of the hypothesized alluvial fan (Qu) originating from the drainage to the west of 
the Iron Canyon field area. Red triangles indicate the locations of measured terraces, and the 
corresponding number is the depth of incision from the surface in meters.  
 
 Having eliminated all other possible explanations for the distribution of Qal map units 
and the current location of the axial channel, it is proposed that late-Quaternary tectonic tilting 
towards the east forced the axial channel into its present position. Garrote (2006) reached a 
similar conclusion after demonstrating that many valleys within his study area in Northern 
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Mississippi Valley developed a modern basin asymmetry direction opposed to that expected 
through monoclinal shifting, which he interpreted to indicate neotectonic tilting. The proposed 
tectonic tilting in the El Paso Basin is supported by another key feature just south of the Iron 
Canyon study area. Red Rock Canyon, through which the combined main Red Rock Canyon 
wash and Iron Canyon channel flow through the El Paso Mountains, developed in the 
metamorphosed Paleozoic/Mesozoic basement complex, yet the contact between the basin 
complex rocks and the Tertiary basin fill is present just to the west of this location (Figures 3 and 
8). Due to the extreme contrast in competence between the two rocks, it would be expected that 
drainage through the El Paso Mountains develop in the Tertiary basin fill, just as the valley of 
Iron Canyon did. Had this occurred, the channel draining the Iron Canyon Valley would have 
followed the slight curve in the El Paso Mountain front and flowed west-southwest before 
draining directly south across the Tertiary basin fill (Figures 3 and 8). It is possible that this is a 
superimposed drainage; however, tectonic tilting towards the east would inhibit west-southwest 
flow within the basin and force the development of drainage through the El Paso Mountains east 
of the Tbf – Pg/Mz contact.   
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Figure 8: Red Rock Canyon (yellow alluvium), through which flow many of the streams draining 
Red Rock Canyon State Park. The contact between the Tertiary Basin Fill (blue) and 
metamorphosed basement complex (purple) is approximately a quarter to half a mile to the west 
of the canyon.       
 
Discussion 
 A number of potential processes can explain eastward tectonic tilting of Iron Canyon. 
Movement along the Sierra Nevada frontal fault is responsible for the westward dip of El Paso 
basin-fill sediments (Loomis and Burbank, 1988). Recent movement along the portion of the 
fault immediately to the west of Red Rock Canyon State Park is not well understood. Potential 
slowing of the rate of slip along the fault may have allowed another late Quaternary influence to 
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become superimposed on the Tertiary to early Quaternary history of tectonic tilting towards the 
west. 
 Most studies of the area have largely overlooked the El Paso Fault, which is parallel to 
the Garlock fault and located at the eastern/southeastern base of the El Paso Mountains (Figure 
1). On the basis of offset alluvial fans, the El Paso fault been characterized as a dip-slip fault, but 
a determination of fault displacement (i.e. thrust or normal motion) has not been made (Cox and 
Diggles, 1986; Loomis and Burbank, 1988; Monestero et al, 1997). Recent Quaternary 
movement along the El Paso fault could potentially drive tilting towards the east, but this is 
speculative. Further study of this fault, as well as the nearby strand of the Sierra Nevada frontal 
fault, are necessary to determine their recent movement and possible involvement in eastward 
tilting.  
 This study would be strengthened by expanding the study area beyond Iron Canyon to 
cover the entire El Paso basin-fill exposure to determine if drainages are systematically located 
on the eastern sides of monoclinal valleys. Preliminary review of topographic maps and satellite 
imagery indicates that drainages are indeed located on the east side of most valleys developed in 
the El Paso Basin exposure, but additional fieldwork is needed to make a conclusive 
determination. Additionally, age control of Qal1, Qal2, Qal3, and Qal4 by optically stimulated 
luminescence could help determine the rate of incision within Iron Canyon and the timing of 
relative stream positions. This could be compared to trench analysis of the local faults to 
determine if slip along these faults may be associated with drainage shifting. 
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Conclusions 
 Mapping the surficial geology of the Iron Canyon Valley, within Red Rock Canyon State 
Park, has revealed an inconsistency. The character of the valley and bedrock dip indicate 
monoclinal shifting is responsible for its development, yet the current stream network is located 
up-dip on the east side of the valley. A record of dissected Qal1 and Qal2 surfaces indicate 
westward migration of the channel with incision throughout much of the Quaternary, but 
subsequent late-Quaternary shifting of the drainage location to the east side of the valley. Two 
sets of laterally extensive terraces are preserved adjacent to the modern channel, which is 
currently incising into the toes of the coalesced alluvial fans originating from the El Paso 
Mountains on the east side of the valley. After ruling out microclimatic effects and fan 
progradation to explain the current distribution of surficial sediments, it is concluded that late-
Quaternary onset of tectonic tilting towards the east has forced the axial channel up-dip to the 
east side of the valley. Iron Canyon sits near the intersection of three major tectonic regions. The 
Garlock fault 6 kilometers to the south separates the Basin and Range Province from the Mojave 
Block, and the Sierra Nevada frontal fault to the west separates the Basin and Range Province 
from the Sierran Microplate. It is possible the movement associated with these systems, or 
activity along the closer and poorly understood El Paso fault may have caused eastern tilting. 
Further study, including expansion of the study area and age control on all alluvial units 
(Qal1through Qal5)is needed to determine if late-Quaternary eastward channel shifting is a 
regional phenomenon and to identify a tectonic source.     
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